Abstract. The paper references a number of sources to create a compact account of the intrinsic energy, physical parameters and subsequent thermal potential of rammed earth that has been stabilized with Portland cement. The aim of this article is to show that a lower embodied energy does not necessarily reduce thermal comfort if careful consideration is given to design.
Introduction
A 300 (mm) thick rammed earth wall is known to have a R value of between 0,35-0,70 (m 2 K/W) [1] . Similarly the U-value for a 300 (mm) thick rammed earth wall can be as much as 1,9 (W/m 2 K) [2] . Houben and Guillard (1994) claims, that rammed earth has a thermal storage of 1830 (kJ/m 3 K) [3] .The R and U values of cement stabilized rammed earth are as much discussed as its thermal mass. There will always be moisture present, absorbed onto clay particles or, at the most extreme temperatures, held within the cement matrix (although that is not free water). The balancing of these two properties is subject to much conjecture. As a result, rammed earth has poor insulating properties [4] . By using a sandwich construction, it is possible to effectively increase the thermal performance of the construction without disproportionately increasing the dimensions of the envelope. 
CSRE passive energy potential
Rammed earth is generally suited to passive solar design as its high mass contributes to the regulation of internal temperature and humidity, reducing the need for active heating and air conditioning systems. Basic principles of good architectural design for CSRE as a response to Central European climates, where demand for winter heating exceeds that for summer cooling and the winter days are typically clear and sunny, include large south-facing windows and thermal mass floors to reduce heating loads. North facing walls should be especially well insulated and if possible protected using natural features such as trees. Natural sunlight plays an important role in contributing to the comfort of a house. Buildings should be designed so that they trap heat during the winter while producing shade in the summer. The building should ideally be rectangular in plan with an overall length of 1.5 to 2 times the width [2] . The building's longitudinal axis should be aligned east west and the south face (northern hemisphere) should have the most glazing (15-20% of the floor area) to allow the warmth of the winter sun to enter the building. A suitable eaves length promotes the infiltration of sunlight in the winter whilst shading against higher summer sun. Lower angle sun can penetrate living spaces through careful positioning of skylights, whilst summer shading can be provided by deciduous plants or created artificially using louvers screens and blinds. A good solar orientated structure can decrease energy consumption considerably. Heat is accumulated within the building elements and effectively distributed within the building. This natural heat environment is far healthier than any known artificial system.
Architecture and environment energy implications
Unlike vernacular architecture which provides more or less climatically comfortable living spaces with a minimum use of external energy, conventional modern architecture with all its achievements is heavily dependent on commercial energy sources for providing lighting, heating and cooling in buildings. Around 10% of global CO 2 emissions originate from the cement industry alone. This puts tremendous strain on conventional energy -which is easy to access -thus aiding the release of energy into the atmosphere and related manifestations like green house effects, and further damage to the environment. According to estimates, during the last 100 years or so, global civilization has released almost the same amount of energy into the atmosphere as has been done by our ancestors in the last 5000 years. With CSRE, it may be possible to meet the challenges of comfortable safe buildings without depleting resources, increasing environmental degradation and losing biodiversity. It is for these reasons that CSRE sustainability credentials outshines any modern material in any life cycle analysis; from the embodied energy in creating the building through the reduced energy used in its long life, in maintenance, heating and cooling, to demolition and reuse.
Conservation of energy
The aim of reducing the strain on conventional energy is achieved through conservation of energy by means of:
• Creating low energy demands of energy -through efficiency.
• Low energy buildings -efficient structural design, reducing the qualities of high-energy building material and transportation energy.
• Solar passive architecture -climate responsive architecture that conserves energy otherwise used for heating, cooling and interior lighting by taking into account solar radiation and other ambient conditions in the area and by incorporating features such appropriate building materials, appropriate shape, orientation, insulation, shading devices etc. As can be seen from the graph above, CSEB are significantly cheaper than fired brick and concrete blocks and are generally less expensive too. This varies according to location and is also dependent on the cost of cement and any cost break down should take into consideration the influence that the local context has on the price. Surprisingly there are also energy savings to be had involving transport. In some instances, it is possible to use the soil that is available on sight for CSRE construction. Alternatively, it is possible to add the missing material aggregates to available on sight soil to obtain the desired soil mixture. If neither of these cases is feasible and hypothetically speaking; the soil has to be transported the exact same distance that the fired bricks would need to be, it is still possible to save energy and minimize the ecological impact because soil requires less effort and time to load and unload, thereby saving fuel and consequently energy.
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Renewable, Ecological, Sustainable
Earth Building is deemed a renewable technology because the material is simply borrowed from the earth for the life of the building and can be reused and recycled indefinitely as a building material or returned to the earth. The thermal mass of earth is commonly used to accumulate cold and warmth, balancing diurnal fluctuations in temperature in all seasons. Earth building is an appropriate, renewable, sustainable technology, exactly what the world needs today to provide safe, durable, comfortable and desirable homes. It can be used to create buildings of any shape or style. It is raw and natural and has a low embodied energy and which can be manipulated into achieving optimal thermal mass and insulation by adjusting its density and thickness. The material is non-toxic, nonallergenic, controls humidity, is fire, rot and termite resistant, exhibits excellent sound insulation properties and therefore cement stabilized rammed earth can be used to create safe and healthy buildings, which is not surprising why it earned an "Excellent" rating from the internationally acclaimed BREEAM ratings. The material is abundant and widespread, uses very little energy in the entire process from raw earth to building, is durable, and its properties make it an excellent choice for climate responsive buildings.
Future collaboration
The Civil Engineering Faculty at the Technical University of Kosice, through the Building and Environmental Institute, plans to research, develop, promote and transfer earth-based technologies and is currently cooperating with the assistance of Ramtec, Australia and the University of Western Australia and aims to conduct a comprehensive study of the thermal properties of cement stabilized earth with the goal of having it published in ASHRAE and in the building standards of Australia. The research will be conducted with the support of the 'Excellence research centre for integrated Advanced Materials Research Vol. 649research of progressive building structures, materials and technologies" and all laboratory work will be undertaken at the Civil Engineering Faculty of the Technical University of Kosice. Research will focus on how various samples with differing material composition will react to thermal conditions designed for colder regions (Central Europe) and will include simulations.
Conclusion
Building with earth seems to be an appropriate cost and energy effective technology. Obviously one has to know the material and master its disadvantages, so that rammed earth can once again be a modern building material and viable ecological alternative to mainstream load bearing envelope structure for central European conditions.
